Introduction

62
The Scottish west coast and Islands is a region within which harmful phytoplankton 
82
through hypoxia (Tangen, 1977) or the production of haemolytic cytotoxins (e.g. Turner
83
et al., 1987; Satake et al., 2002 Satake et al., , 2005 . The detailed biology of K. mikimotoi is reviewed
84
by Gentien (1998) .
85
Previously known as Gyrodinium aureolum, Gyrodinium mikimotoi and variations 
113
Individual-based models (IBMs) are becoming increasingly widely used in marine 
130
The IBM presented here is based on the physiological model for the growth and 
167
with the remnants of the original event overwintering on the shelf, in the manner 168 suggested by Raine (2004) . This hypothesis is consistent with a K. mikimotoi bloom in
169
Norwegian waters in 1988, when a bloom in northern latitudes was thought to have 170 been seeded by a more southerly bloom the previous year (Dahl and Tangen, 1990 ).
171
The waters on the Malin shelf ( Fig. 1) 
208
The 
225
The velocity fields were linked to a particle tracking model (e.g. Visser, 1997; Ross
226
and Sharples, 2004), which uses numerical "particles" to represent "clusters" of K. 
231
The mathematical framework of the model follows standard methodology for 232 advection and diffusion of particles (e.g. Ross and Sharples, 2004; Visser, 1997) ,
233
whereby the location, X t P = X t P (x,y,z) of particle P at time t, is calculated according to: 
256
Wind stress can act directly on materials floating on the sea surface or in the near-
257
surface layer (Proctor et al., 1994) . To allow for possible direct wind action on the 258 algae, the horizontal velocity taken from the MRCS model may be supplemented by an
259
additional term:
where z is the depth of the particle, z C is an appropriate lengthscale for the depth of 
269
In Equation (1), w p is the vertical swimming speed of the organism. Gentien (1998) 
275
To simulate this, at every time step each particle is assigned a vertical velocity, w p ,
276
given by: 
314
Note that our value of K is three orders of magnitude smaller than that used by Gentien 
317
The mortality term in 
395
Based on these initial conditions, simulated cell densities at weekly intervals from 1 
400
Neither of these predictions were supported by observational data (Fig. 2) . The model 
419
An alternative hypothesis to along-shelf transport is that the K. mikimotoi seed 
445
The northern seed population, meanwhile, moved eastwards towards Orkney and 
451
Orkney and Shetland (Fig. 8) (Fig. 9) , where waters warmed earliest, and progressed northward as warmer 463 temperatures developed (Fig. 4) 
518
The absence of direct wind action had significant effects on the distributions of K. difference from the predicted chlorophyll a fields from Run 2 (Fig. 7) .
551
Modelled temperature significantly affected the maximum predicted cell density at 552 the height of the bloom in mid-August (Fig. 11) . As might be expected, warmer 553 temperature fields increased the maximum modelled density, and lower temperatures 554 had the opposite effect. The temperature effect was even more marked on the total 555 biomass of K. mikimotoi. At the end of the simulations, the total biomass for the 556 T+1.0°C model was more than three times the initial biomass, compared to twice for 557 the baseline simulation. The simulation with T-1.0°C produced an equivalent 50% drop 558 in biomass. The T±0.5°C simulations produced a weaker biomass effect. In contrast to 559 biomass, maximum cell densities only increased by ~20% for the 1.0°C temperature
560
increase. This is a function of the increased mortality at high cell densities limiting the 561 peak densities that may be attained. The main result of the elevated temperature,
562
therefore, was to increase the spatial size of the bloom by encouraging additional 563 growth outside the bloom focal points, rather than increasing the peak intensity at the 564 centre. Importantly, the relationship between temperature and growth is not linear (c.f. 
578
and also allows more numerical particles to be used, improving the model resolution. (Table 1 ). Yet the model completed a three-month 582 simulation in less than than one hour on a single CPU. This efficiency permits multiple 583 numerical experiments to be performed that may not be possible using fully-coupled
584
hydrodynamic-ecosystem models due to the higher computational burden.
585
Furthermore, the biology and behaviour patterns are easily adaptable to other species,
586
provided enough is known of their ecology and behaviour. Finally, the IBM approach
587
does not require discretization of cell distributions on to a numerical grid and model 588 results do not, therefore, suffer from numerical artefacts of excessive diffusion or 589 dispersion.
590
Our model is currently best described as a tool for better understanding the 
609
Exchange between the slope current and the continental shelf is known to occur 
642
In the simulations described here, we proscribed a weak vertical migratory 
652
The ultimate goal of this work is to understand the factors governing the 
